• Ricotta-filled pastry was packed in a special multilayered packaging material • Fatty acids profile of Ricotta cheese filled pastry was examined by GC/MS • Significant changes of most fatty acids were not observed after product storing • Significant change was observed only for cis,cis-9,12-octadecadienoic (linoleic) acid • It is appropriate to pack and storage Ricotta-filled pastry for the period of 4 weeks
Abstract
Fatty acid composition of Ricotta cheese filled bakery product was examined using a GC-MS method immediately after production and packaging in the case of a control sample, and after production, packaging under air atmosphere in a seven-layer packaging material consisting of PE/Ad/PA/Ad/PE/Ad/PET, and storing during a four weeks period at room temperature, in the case of the experimental samples. The statistical significance of the fatty acid profile change was examined using ANOVA method. The results of this research showed that there are no significant changes of fatty acids composition and content after defined storing period, with the exception of diunsaturated cis,cis-9,12-octadecadienoic (linoleic) acid, whose average content was reduced by 83.705%. However, a small amount of linoleic acid was converted to cis,trans-9,11-octadecadienoic (conjugated linoleic) acid. Therefore, it could be considered as appropriate to pack and storage Ricotta-filled pastry for the period of four weeks, considering the insignificant changes of fatty acid composition and content.
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Bakery products are an important part of people's diet, being a good source of energy, necessary for daily organism functioning [1] . These facts represent an important reason for the mass production of this kind of food [2] which, if not consumed in the recommended period, will be thrown away [3] . Food scientists' aims are pointed towards extending the product's expiration date, in order to preserve starting freshness as long as possible and to reduce food waste. However, freshness-preserving problems are mostly based on microbiological contamination of products, which is not an exclusive cause of food quality and expiration date reduction. The changes that occur during the storing period could be caused by different factors that affect the physicochemical characteristics of the product.
Ricotta cheese filled laminated pastry belongs to a group of complex bakery products, whereby the product contains cheese filling, besides the base created by laminated dough. Ricotta is a type of cheese, which is produced by combining heat and acid treatment, in order to cause whey protein coagulation. Due to nutritional characteristics, high a w value and low concentration of salt, ricotta has no more than few days of shelf life, which mostly depends on the quality of the packaging material and the atmosphere inside the packaging [4] . However, considering the fact that bakery products with cheese filling are subjected to heat treatment, the result could be a reduction of a total number of microorganisms and the change in nutritional and sensory characteristics of the product.
The packaging material and the packaging process might play an important role in preserving the initial product characteristics. Packaging materials with good barrier properties allow the stabile storing conditions and preserve food products from external conditions, to a certain extent [5] . Some syntheticbased multilayer packaging materials possess good barrier properties towards the oxygen, moisture and aromatic compounds, and therefore could affect the preservation of freshness [6, 7] . Polyamide(PA)-based packaging materials possess good barrier properties towards gasses and aromatic compounds. Thus, using polyamide with polyethylene (PE) films, enhanced moisture barrier properties might be obtained [8] . However, it is necessary to determine whether the packaging in the air atmosphere affects potential change of fatty acids in ricotta-filled laminated pastry. Alam & Goyal pointed out that oxygen remained inside the packaging could affect the cheese quality [9] . Considering that, it is assumed that pastry containing dairy products could undergo a certain change of fatty acids during the storing process. A significant fatty acid change might cause a certain modification of the nutritional and sensorial properties of a food product.
Besides microbiological defects and starch retrogradation, as the main causes of the pastry products quality deterioration, it is also necessary to follow the changes of fatty acids contents, especially in food with high fat concentrations. During the storing period, the pastry products with increased fat content are subjected to oxidation, which lowers nutritional and sensorial values of the products [10, 11] . Oxidation and lipolyses are certainly some of undesirable appearances that might occur during cheese product storage, whereby the negative effect is the change of nutritional and sensorial properties of the product [12] .
Autooxidation -the reaction of double bonds in unsaturated fatty acids with the atmospheric oxygencould have a detrimental effect on oganoleptic and toxicological changes of the product [11] , and could cause the food spoilage, but may also potentially threaten the health of consumers [13] .
Lately, the impact of various fatty acids on human health has been increasingly studied. The cause and effect relationships, between daily intake of fatty acids and cardiovascular diseases, degenerative and inflammatory arthritis, cancer and osteoporoses, were determined. Moreover, some fatty acids are recognized as a trigger of the serum low density cholesterol (LDL) increase. Changes in fatty acids composition and content, during the storing period, are particularly interesting, due to the potential transformation of double bonds from cis to trans form, whose daily intake, according to the references, should be limited to the minimal amount [14] . Milk is a good source of fat in human nutrition, and especially saturated fatty acids, because they are present in the amount of 70% [15] . However, the concentration of trans fatty acids (TFA) ranges between 3 and 6%. An excessive intake of TFA could have a negative impact on human health, but the moderate intake of these fats, especially milk originated, is considered safe [16] .
Several different analytical methods were recognized for determination of lipid oxidation. However, the standard method for all types of food products has not been established. Gas chromatography coupled with mass spectrometry proved to be a good choice to determine the lipid and carbohydrate content of amaranth flour [17] . Lipid oxidation can also be assessed by quantitatively measuring the loss of initial substrates. In foods containing fats or oils, unsaturated fatty acids are the main reactants whose composition changes significantly during oxidation. Changes in fatty acid composition provide an indirect measure of the extent of lipid oxidation.
The aim of this work was to determine whether a significant change of fatty acid composition and content would occur in ricotta-filled pastry, packed under air atmosphere in specially selected packaging material, after four weeks of storage at 4 °C (±2 °C).
EXPERIMENTAL

Ricotta-filled pastry production
Two identical dough batches were prepared in Ekomil pite d.o.o. factory, in Bačka Palanka, Serbia. Every batch consisted of wheat flour (255 g), water (90 g) and salt (5 g), which is a measure for one pastry product. The mixtures were kneaded in the mixer (Kemper SP 30, Germany) for 8 min in the first gear and 4 min in the second gear. The laminating of the dough was conducted applying a special machine (Mateks Makina, Turkey) in order to reach 0.4 mm dough thickness, followed by the addition of Ricotta cheese (100 g) and the final shaping into the pipe form. The pastry was then baked for 40 min at 220 °C and cooled down for 20 min at 20 °C. Cold pastry was packed into the seven-layer packaging material, consisted of PE/Ad/PA/Ad/PE/Ad/PET in the air atmosphere by DZQ vacuum packager (DZQ-600/2SB, China). After the packaging process, a control sample was taken from the paste created from one batch, while the experimental sample was taken from the paste created from the other batch. The control sample was analyzed immediately after the packaging process (A). The pastry samples were taken both from the edges (A1), and from the middle part of the pastry, in which cheese dominates (A2). Experimental sample was stored at 4 °C (±2 °C). and the analysis was performed after four weeks (B). Likewise, the edges of the pastry were labeled as B1, and the middle part as B2.
Preparation of samples
Five grams of the edge samples (A1, B1) and five grams of the middle parts (A2, B2) were weighed and homogenized in a blender. A sample portion (1.61 g each) was collected from every sample and transferred to centrifugation test tubes. The 3 ml of methylene-chloride was added for extraction of liposolubile substances, and the prepared mixture was firstly homogenized for 1 min in the Vortex mixer. Furthermore, the samples were centrifuged for 10 min at 2000 rpm. One ml of the lipid supernatant from every sample was transferred into vials, and 50 µl of the derivatization reagent (0.2 M TMSH, trimethylsulfonium-hydroxide in methanol, Macherey-Nagel) was added, by which trans-esterification reaction of fatty acids, from triacylglycerol into corresponding evaporative fatty acid methyl esters, was conducted [18] [19] [20] [21] [22] .
GC-MS Analysis
Analysis of lipid (fatty acid) profile from the edge and the middle parts of the investigated samples was conducted by the application of gas chromatography (GC, Agilent Technologies 7890) coupled with the mass-spectrometric detection device (MS, Agilent Technologies MSD 5975). The standard conditions were applied for the analysis of fatty acid methyl esters by GC-MS system. An electron ionization method with the energy of 70 eV was applied. A DB-5 MS column (60 m×0.25 mm×25 μm) was used and the following temperature program was applied: 50--130 °C, 30 °C·min -1 and 130-280 °C, 15 °C·min -1 , whereas at the end of every analysis the temperature was held for 8 min at 280 °C. The temperature of the injector was 250 °C, and the helium flow, as a gas carrier, was 1.1563 ml·min -1 . One μl of a solution from every analyzed sample was injected with the split--ratio of 1:50 [23, 24] .
Data processing
The obtained chromatograms were processed using a MSD ChemStation Data Analysis (Agilent Technologies) program, and the fatty acid peaks, in the form of the corresponding methyl esters, were identified by the examination and comparison of their characteristic fragmentations with the Wiley 275 mass spectra library, using the AMDIS, with a probabilitybased matching (a match quality of 95% minimum was used as a criterion). Surface areas of detected fatty acid methyl esters were integrated from total ion current (TIC) chromatograms, both automatically and manually in control and experimental pastry samples. Mean values were determined and afterwards compared using ANOVA statistical method.
RESULTS AND DISCUSSION Figure 1 shows total ion current chromatograms (TIC) of the edge samples of ricotta-filled pastry (A1 and B1, Figure 1A ) and the middle parts of the same pastry (A2 and B2, Figure 1B ), whereas the pastry samples A1 and A2 were analyzed immediately after the packaging process and samples B1 and B2 after packaging and storing for the defined period of four weeks. By looking at the presented chromatograms a high similarity of eluting peaks could be observed. Table 1 lists the detected fatty acids, their retention times, relative content with regard to the most abundant hexadecanoic (palmitic) acid (100%), and standard deviations.
It might be concluded that the presence of fatty acids, which originate from Ricotta cheese applied for the pastry production, has been typical for the milk fat, whose composition and content could be influenced by various factors [25] . Numerical values of the peak surface areas were obtained by a more rapid and convenient automatic integration of the detected fatty acid methyl esters. The relative contents of every fatty acid detected compared to the most abundant palmitic acid (abundance 100%) were subjected to statistical calculations. By the application of the analysis of variance (ANOVA), the relations between the variance of intergroup variability were tested for every detected fatty acid in analyzed edge and middle part pastry samples.
The results did not show statistically significant differences in the contents of any detected fatty acid between the samples of the pastry product analyzed after the packaging (A1 and A2) and the pastry product subjected to storing (B1 and B2). Obtained F value did not exceed an F-critical value in any case.
Likewise, p value was higher than 0.05 in every case.
An exception was the diunsaturated cis,cis-9,12--octadecadienoic acid (linoleic acid), whose F value (42.8850) exceeded F-critical (9.5520). Moreover, p value (0.0062) was lower than 0.05. That implies the (Figure 2) . The aim was to perform another method of chromatogram integration -a manual integration, to verify the results obtained using an automatic integration, and make a statistical comparison between contents of the fatty acids that eluate between mentioned retention times, obtained from the samples A and B. Indicated fatty acids includes: hexadecanoic (palmitic acid), cis,cis--9,12-octadecadienoic (linoleic acid), cis-9-octadecenoic (oleic acid), trans-9-octadecenoic (elaidic acid), trans-15-octadecenoic, octadecanoic (stearic acid) and cis,trans-9,11-octadecadienoic acid (conjugated linoleic acid). Figure 2 presents a zoomed part of a TIC chromatogram with the focus on the retention time interval of the area of interest, for the samples of the edge (A1 and B1, Fig. 2 .A) and the middle (A2 and B2, Fig. 2 .B) of Ricotta-filled pastry samples analyzed immediately after production and packaging (A1 and A2) and the pastry samples packed and stored for the defined time period (B1 and B2). The difference in linoleic acid (cis,cis-9,12-octadecadienoic) content between the samples of edge (A1 and B1) and the middle parts (A2 and B2, Figure 2 ) of the bakery product analyzed immediately after the packaging (A1 and A2) and the same product analyzed after packaging and storing in a defined time period (B1 and B2), could be obviously observed in Fig. 2 .
By repeated statistical data analysis of the area of interest, using the ANOVA test, it was concluded that only diunsaturated cis,cis-9,12-octadecadienoic (linoleic) acid suffered statistically significant losses during the storing period, owing to oxidation and degradation ability, due to the presence of two double bonds in the molecule. The content of linoleic acid was decreased by 85.55% in the samples of the edges and by 81.85% in the samples of the middle parts of the pastry (mean value 83.7%). Considering the moderate increase of conjugated linoleic (cis,trans-9,11-octadecadienoic) acid content in the area of interest (by 24.72%), we assume that cis,cis--9,12-octadecadienoic (linoleic) acid was most probably partially transformed in a more stabile trans isomer, cis,trans-9,11-octadecadienoic (conjugated linoleic acid). Furthermore, it was also probaly catabolized partially to the products of lower molecular weight, such as aldehydes, ketones and alcohols, which could not be detected by the applied analytical method [26] . On the other hand, a slight increase in the content of the cis-9-octadecenoic (oleic) acid was observed based on the standard deviation values, although ANOVA test evaluated this change as insignificant.
Even though the concentration of conjugated linoleic acid, specifically, did not increase significantly, the increase of the fatty acid content in the trans form was detected. However, conjugated linoleic acid was frequently labeled as beneficial for human health, because it reportedly shows anticarcinogenic, antiatherogenic and antidiabetic effects [16, 27] . On the other hand, EFSA reported (2010) that there are no convincing evidences about the beneficial effect of conjugated linoleic acid on human health. In accordance to above mentioned report, there are no recommended daily intakes of conjugated linoleic acid.
CONCLUSION
The storing of Ricotta-filled pastry product packed in a specially selected multilayered packaging material during the defined time period could be signified as appropriate, considering the insignificant changes of fatty acids composition and content. GC--MS analysis proved that the choice of packaging material, storing period and packaging conditions were adequate for the fatty acid preservation in Ricotta-filled pastry. However, it is important to emphasize that fatty acid analysis, performed without microbiological and sensory analysis, shouldn't have an effect on decision of storing period and the best before date of the food product. The composition of initially detected fatty acids remained unchanged after specified time period of storage, except in the case of diunsaturated cis,cis-9,12-octadecadienoic (linoleic) acid. A slight increase of cis,trans-9,11-octadecadienoic acid (conjugated linoleic acid) occurred, due to the oxidation process, but it didn't essentially affect the nutritional value of the bakery product, due to its low concentration. Additionaly, a certain amount of linoleic acid was probably transformed into the products of lower molecular mass. The general good manufacturer practice requires the maintenance of microbiological and sensory properties of the starting food product, without any reference to the potential nutritional changes, such as fatty acid profile changes. Therefore, the necessity of fatty acid analysis due to a food product sustainability measurement, should be considered. GC-MS fatty acid analysis perform along with the microbiological and sensory analysis, should answer the questions whether Ricotta-filled pastry product could be stored for a selected period of time.
